Abstract Purpose Irinotecan is a cytotoxic agent with activity against gliomas. Thalidomide, an antiangiogenic agent, may play a role in the treatment of glioblastoma multiforme (GBM). To evaluate the combination of thalidomide and irinotecan, we conducted a phase II trial in adults with newly-diagnosed or recurrent GBM. Patients and methods Thalidomide was given at a dose of 100 mg/day, followed by dose escalation every 2 weeks by 100 mg/day to a target of 400 mg/day. Irinotecan was administered on day 1 of each 3 week cycle. Irinotecan dose was 700 mg/m 2 for patients taking enzyme-inducing anticonvulsants and 350 mg/m 2 for all others. The primary endpoint was tumor response, assessed by MRI. Secondary endpoints were toxicity, progression-free survival, and overall survival. Results Twenty-six patients with a median age of 55 years were enrolled, with fourteen evaluable for the primary outcome, although all patients were included for secondary endpoints. One patient (7%) exhibited a partial response after twelve cycles, and eleven patients (79%) had stable disease. The intention to treat group with recurrent disease included 16 patients who had a 6-month PFS of 19% (95% CI: 4-46%) and with newly-diagnosed disease included 10 patients who had a 6-month PFS of 40% (95% CI: 12-74%). Gastrointestinal (GI) toxicity was mild, but six patients (23%) experienced a venous thromboembolic complication. Two patients had Grade 4 treatment-related serious adverse events that required hospitalization. There were no treatment-related deaths. Conclusion The combination of Neurooncol (2008) 90:229-235 DOI 10.1007 irinotecan and thalidomide has limited activity against GBM. Mild GI toxicity was observed, but venous thromboembolic complications were common.
Introduction
Despite aggressive therapy, nearly all patients with glioblastoma multiforme (GBM) will die of their disease [1] . Following years of negative clinical trials with cytotoxic therapies, temozolomide was recently shown to significantly prolong survival when combined with radiation in initial treatment of these patients [2] . It is unlikely that a single agent will result in eradication of GBM and combinations of drugs with different anti-neoplastic mechanisms have the potential to augment response. By combining cytotoxic and cytostatic agents it may be possible to enhance activity against the tumor without worsening side effects [3] .
Irinotecan (Camptosar Ò ) and its active metabolite, SN-38, have activity against multiple solid tumors cell lines, including glioblastoma [4] . Toxicity in patients with recurrent malignant glioma is less than that observed in patients with colorectal cancer, probably because the concomitant use of enzyme-inducing anticonvulsants (EIA) results in low plasma concentrations from increased drug clearance [5] . Phase I data for irinotecan in patients with recurrent GBM has established an MTD of 350 mg/m 2 for patients not receiving EIA, but 750 mg/m 2 every 3 weeks for those receiving EIA [6] . Initial phase II data for single agent irinotecan revealed a 15% response rate in 60 patients with recurrent high grade glioma [5] . More recent studies published after our trial was completed suggest that single agent irinotecan has minimal activity against GBM [7, 8] .
Thalidomide (Thalomid Ò ) has demonstrated activity against a variety of malignancies, including: myeloma, renal cell carcinoma, Kaposi's sarcoma, and GBM [9] . In a phase II study, Fine et al. treated 36 patients with recurrent high-grade glioma with thalidomide escalated by 200 mg/day every 2 weeks to a final daily dose of 1200 mg; there were two partial responders, two minor responders, and 12 patients with stable disease. Eight patients were alive greater than 1 year after starting thalidomide, although the majority had tumor progression [10] . Similarly, Marx et al. started patients at a dose of 100 mg/day and escalated to 500 mg/day [11] . Of 38 evaluable patients, two achieved response and 16 had stabilization. Assessment of Quality of Life (QOL) and Karnofsky performance status (KPS) showed stabilization or improvement in the group of patients with stable or responding disease.
The combination of thalidomide and irinotecan has been used in treatment of metastatic colon cancer. A Phase I-II study treated with irinotecan at a dose of 300-350 mg/m 2 every 3 weeks and thalidomide at a dose of 400 mg/day without any severe gastrointestinal toxicity (GI) toxicity [12] . In animal models, the concomitant administration of irinotecan with thalidomide did not significantly alter the plasma pharmacokinetics of the former drug [13] . In the setting of relapsed GBM, thalidomide has modest activity which seems enhanced when combined with cytotoxic chemotherapy [14] . Given that each of these agents has activity against GBM and that the combination could increase efficacy with decreased toxicity, we undertook a phase II clinical trial.
Methods
This was an open-label, two institution study of irinotecan/ thalidomide following radiotherapy for the treatment of patients with GBM. All patients had previously undergone surgical resection or biopsy leading to diagnosis. Prior to enrollment, all patients had been treated with conformal external beam radiotherapy. Additionally, patients who had evidence of disease progression or relapse after chemotherapy were eligible for participation if at least 4 weeks had elapsed since the last treatment with chemotherapy. Eligible patients were C18 years with a KPS C 60 and histologically confirmed glioblastoma. Patients were required to have evidence of enhancing disease on contrast-enhanced MRI performed within four weeks of enrollment. For patients with newly diagnosed disease, enhancement on MRI scan done within 4 weeks of completing radiation therapy was required. For patients with progression or recurrence, enhancing disease was required by MRI scan following completion of radiation therapy and one prior chemotherapy regimen. Repeat biopsy was not required, although efforts were made to distinguish tumor from radiation necrosis including magnetic resonance spectroscopy and thallium single photon emission tomography. Patients on corticosteroids must have been on a stable or decreasing dose for 1 week prior to entry. Adequate hematologic, renal and hepatic function parameters were required. Patients of childbearing potential were required to have a negative pregnancy test before starting treatment and to use contraception while on study. All patients were required to enroll in the FDA-mandated System for Thalidomide Education and Prescription Safety (S.T.E.P.S. Treatment was initiated with irinotecan at a dose of 350 mg/m 2 or 700 mg/m 2 , if the patient was on EIA, and thalidomide at a dose of 100 mg/day. Thalidomide was increased as tolerated, by 100 mg/day every 2 weeks to a maximum dose of 400 mg/day. No other chemotherapy or experimental anticancer medications were permitted while subjects were on study. During therapy, physical examination, Complete Blood Count (CBC) with differential, and chemistry profile were performed 1 week after the first cycle and prior to each subsequent cycle. Pregnancy testing was done as outlined in S.T.E.P.S. Program. Toxicities were graded on a scale of 0-4, using the National Cancer Institute Common Toxicity Criteria (CTC) version 2.0. Criteria for response were based on those recommended by Macdonald et al. [15] . Patients were reassessed by MRI following three cycles of therapy. Those patients with evidence of response had a confirmatory scan after three additional cycles. Thereafter, a scan was repeated every three cycles. Patients who continued to have benefit following six cycles of therapy continued on protocol at physician discretion. Protocol treatment was discontinued for those patients with evidence of disease progression, but they remained in the study and were included in the intent to treat analysis. Since disease free survival and overall survival were considered secondary endpoints all patients were followed until death.
A two-stage sequential design was used to evaluate treatment with an initial planned enrollment of 14 evaluable patients, followed by an additional ten enrolled if at least one response was observed in the initial cohort. With this design, if the study was stopped early, the data would statistically rule-out response rates of 20% or more with P \ 0.05 (one-sided). The total sample size of 24 patients would provide a confidence interval for the response rate having a half-width of at most ±20%. Time from study enrollment to disease progression and death were assessed using the product-limit method. Table 1 . The distribution of the patients as primary or recurrent is shown in Fig. 1 . All patients were considered evaluable for toxicity. Twelve patients were considered non-evaluable for response due to withdrawal prior to completing three cycles of therapy. Reasons for withdrawal are described in Table 2 . Of 14 evaluable patients, there were eleven with stable disease (SD) and three with progression after three cycles. Five patients with SD withdrew from protocol before completing six cycles: two due to deep venous thrombosis (DVT), two due to personal decision, and one with compression fracture with severe back pain and clinical deterioration. All six patients who completed the six cycles of therapy had SD on MRI at that time point. One patient with recurrent disease had a partial response (PR) after 12 cycles that persisted until 17 cycles when progressive disease was observed. This patient had a second surgical resection with pathology revealing recurrent tumor. Another patient with newly diagnosed GBM had SD for 14 cycles before progression. The study was terminated because there were no responses at the specified time interval (at least a PR following three cycles). Best response achieved was a PR after 12 cycles. Given the single responding patient after 12 cycles, the response rate is 7% (1 of 14 patients; 95% CI: 0-34%). The median overall survival for the intention-to-treat group was 10.2 months and the 6-month progression-free survival (PFS) was 27% (95% CI: 12-48%). The intention to treat group with recurrent disease included 16 patients who had a 6-month PFS of 19% (95% CI: 4-46%) and with newly-diagnosed disease included 10 patients who had a 6-month PFS of 40% (95% CI: 12-74%) (Fig. 2a) . For the nine evaluable patients treated for recurrent disease, the median PFS was 4.6 months and the 6-month PFS was 22% (95% CI: 3-60%) (Fig. 2b) .
Results

Between March
Summary of severe adverse events and toxicities encountered is shown in Table 3 . There was no difference in adverse events for patients receiving EIA. Thromboembolic complications were diagnosed in six patients including five DVT and one pulmonary embolism. One patient experienced sedation with thalidomide which prevented him from completing the first cycle of treatment. There were no treatment related deaths.
Discussion
Although the combination of irinotecan and thalidomide for treatment of GBM was appealing, we observed minimal activity in the population studied. Moreover, 27% of enrolled patients did not complete the first three cycles of therapy because of treatment related adverse effects. Prolonged cytostatic effect was not apparent as all patients had evidence of progressive disease. When data including only patients with recurrent disease was analyzed, there was no improvement in the 6 month PFS compared to reported data for phase II trials [16] or when compared to data obtained using irinotecan alone [8] . In this preliminary Phase II trial, response rate was used as the primary outcome to overcome the potential shortfall of including patients with both newly diagnosed and recurrent GBM. Radiation therapy can transiently increase contrast enhancement in patients with GBM that in some cases improves or stabilizes without treatment [17] . This could lead to a false response rate in phase II trials, but that was not the case here since there were no responses in the newly diagnosed group. Most phase II studies for recurrent GBM use 6 month PFS as the primary outcome especially when a cytostatic agent is being evaluated [16] . Fine at al. changed the primary outcome of their study using thalidomide for GBM from time to tumor progression to objective radiographic response, after evidence of early response [10] . Puduvalli et al. reported a 6% response rate and a 6 month PFS of 25% in 32 patients with recurrent GBM using a regimen of irinotecan 125 mg/m 2 weekly times 4, followed by 2 weeks off treatment, and thalidomide 100 mg daily escalated to 400 mg [18] . In the recurrent disease group included in our study, PFS and overall survival were disappointing compared to the historic data. [16] . Therefore, we conclude that the use of response rate as the primary outcome and the inclusion of patients with newly diagnosed and recurrent disease do not limit the validity of our results.
Several recent studies underscore the difficulties of defining the optimum dose of irinotecan for patients with malignant glioma [19] [20] [21] , The interaction between irinotecan and inducers of the CYP450 system is well recognized [20, 21] . The variability in response and toxicity associated with irinotecan, although explained in part by drug-drug interaction in patients on EIA, is probably also related to inter-patient differences in the drug metabolism [22, 23] and tumor resistance [24] . It has been suggested that because of the wide variance in MTD the dose should be individualized by dose escalating to MTD for the individual patient [19] . In our study, patients were dosed according to the concomitant use of EIA and there was no difference seen in response between those on EIA or not.
The dose of single agent thalidomide for treatment of recurrent GBM has varied widely. A response rate of 6% was seen at doses up to 1,200 mg/day [10] . Similar response rates have been seen at lower doses, suggesting absence of dose-response effect [11, 25] . It is unclear if combination of thalidomide with other chemotherapy agents might enhance activity. In a study combining BCNU and thalidomide the response rate for recurrent GBM was 24% [14] . In contrast, two studies examining temozolomide and thalidomide in the recurrent setting showed a disappointing response rate of 7-8% [26, 27] . Therefore, the addition of thalidomide to temozolomide or irinotecan does not appear to offer an advantage over the use of either drug alone. Several reports describe increased tolerability of irinotecan when given with thalidomide [28] . Although we found that the frequency and severity of GI toxicity was less then expected there were a high number of venous thromboembolic (VTE) complications. This finding suggests that the therapy increased the risk, already high in this patient population, of developing a venous vascular event. Almost one quarter of the patients in this study developed symptomatic thromboembolic complications that appeared after starting therapy. Thalidomide alone is not associated with VTE but the risk appears to increase when combined with other chemotherapeutic agents [14, 29] . Several studies have looked at the potential role of anticoagulation in preventing VTE in patients receiving thalidomide for multiple myeloma but there is no consensus yet as to what intervention would be most appropriate [30] [31] [32] [33] [34] [35] [36] [37] . Overall toxicity in this study suggests an inability to further dose escalate and that the absence of response was not the result of under dosing.
Single agent irinotecan, thalidomide, or the combination of both drugs has minimal antineoplastic activity against GBM. These agents in combination exhibit fairly significant toxicity and any further study does not seem justified. Preliminary studies combining irinotecan with bevacizumab, an antibody targeting vascular endothelial growth factor, have shown response rates that compare favorably with those obtained with other combinations including irinotecan [38] [39] [40] . The contribution of irinotecan to the responses observed with this combination is unclear.
